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Models of tinnitus suggest roles for auditory, attention, and emotional networks in tinni-
tus perception. A model of tinnitus audibility based on Helson’s (1964) adaptation level
theory (ALT) is hypothesized to explain the relationship between tinnitus audibility, person-
ality, memory, and attention. This theory attempts to describe how tinnitus audibility or
detectability might change with experience and context. The basis of ALT and potential
role of auditory scene analysis in tinnitus perception are discussed. The proposed psy-
choacoustic model lends itself to incorporation into existing neurophysiological models
of tinnitus perception. It is hoped that the ALT hypothesis will allow for greater empirical
investigation of factors inﬂuencing tinnitus perception, such as attention and tinnitus sound
therapies.
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INTRODUCTION
Tinnitus is thought to be the result of a cascade of events in the
auditory pathways, often commencing with injury to the audi-
tory periphery (Baracca et al., 2011; Zhou et al., 2011). After a
peripheral lesion, the pattern of sensory input to the auditory cor-
tex changes (Martin, 1995; Searchﬁeld et al., 2004) believed to
result in the brain adapting to new patterns of activity at sub-
cortical (Kaltenbach et al., 2005) and cortical centers (Eggermont
andRoberts, 2004) resulting in the perception of sound. Brain net-
works with elements not classically considered part of the auditory
system then contribute to, or drive, the awareness and severity of
tinnitus (Zenner et al., 2006;DeRidder et al., 2011). The severity of
tinnitus is likely to be determined by a multi-layered process that
involves auditory, attention, and emotional networks (Jastreboff,
1990; Kaltenbach, 2006; Zenner et al., 2006;De Ridder et al., 2011).
The majority of studies investigating tinnitus processing have
approached it from a neuroanatomical or physiology tradition
(Roberts et al., 2010) often using pain as an analogy (Moller,
2000). An additional approach is to consider tinnitus from a
psychoacoustical perspective (Penner and Bilger, 1995) in which
audibility is governed by context, memory, attention, and per-
sonality (Welch and Dawes, 2008). The process that the auditory
system uses to identify and differentiate auditory objects has
become known as auditory scene analysis (ASA; Bregman, 1990).
In this paper we introduce an empirically testable model of tin-
nitus audibility based on Helson’s (1964) adaptation level theory
(ALT) and we discuss potential roles for ASA in differentiating
tinnitus from ongoing auditory activity, consistent with previous
models describing pattern recognition roles in tinnitus perception
(Jastreboff, 1990). Tinnitus audibility is deﬁned here as a stimulus
dimension to which many variables contribute to tinnitus being
heard. Tinnitus loudness is one, but not the only, contributing
factor to its audibility.
The multi-dimensional nature of tinnitus is well demonstrated
by the incongruence between self-report of tinnitus magnitude
and psychoacoustic intensity matches (Baskill and Coles, 1999).
A person who suffers from tinnitus may report it as sounding
very loud, but match it to a low-intensity external sound (Jakes
et al., 1986). It is also known that the common report of tinnitus
is far more frequent than complaints of tinnitus effects on quality
of life (Gopinath et al., 2010). Such observations are consistent
with models of tinnitus distress that identify it not solely as an
auditory phenomenon, but a process incorporating emotion and
reaction (Jastreboff, 1990; Zenner et al., 2006; De Ridder et al.,
2011). The pioneering work of Heller and Bergman (1953) sug-
gested that spontaneous auditory perceptions occur in a majority
of people given an ideal signal detection context. Perception of
tinnitus-like sounds occurs in between 64% (Tucker et al., 2005)
and 94% (Heller and Bergman, 1953) of people without tinnitus
when listening in a silent environment. This“tinnitus”audibility is
governed to some degree by attention (Knobel and Sanchez, 2008).
Prolonged auditory deprivation (through ear-plug use) is associ-
ated with an increase in sensitivity to sound possibly through an
adaptive plasticity process leading to centrally mediated increase
in gain; opposite effects are seen with sound stimulation (Formby
et al., 2003). Such amechanismmayalsobe responsible for reduced
tinnitus complaint with long-term stimulation with low-level
sound (Norena, 2011). Tinnitus loudness, alone, does not deter-
mine severity but a multi-dimensional concept of tinnitus audibil-
ity, expressed by ALT, may have ramiﬁcations for treatments that
incorporate sound to reduce audibility or detection of tinnitus.
ADAPTATION LEVEL THEORY
The complex processing responsible for tinnitus perception (Zen-
ner et al.,2006;DeRidder et al.,2011) canbe sub-servedby a simple
psychoacoustical model of audibility that accounts for auditory
context, attention, and individual factors such as memory and
personality. Helson’s (1964) ALT has been widely used in sensory
perception and psychophysics to explain magnitude adjustments
to context (Murch, 1973; Coren and Ward, 1989; Gescheider,
1997). Adaptation level effects and similar “differential contex-
tual effects” (Marks and Arieh, 2006) have been demonstrated
Frontiers in Systems Neuroscience www.frontiersin.org June 2012 | Volume 6 | Article 46 | 1
Searchﬁeld et al. Adaptation level and tinnitus
in perception of: touch, taste, olfaction (Marks and Arieh, 2006),
pain (Rollman, 1979; Kyle et al., 2009), weight (Helson, 1948),
temperature (Masuyama, 1994), loudness (Marks, 1994), vision
(Helson, 1964), phobias (Lauterbach, 1979), and even market
research (Della Bitta and Monroe, 1974). There are a number of
overlapping terms to describe change in perception with repeated
exposure including acclimatization, adaptation, stimulus failure,
fatigue as well as habituation (Helson, 1964;Mazess, 1975;McBur-
ney and Balaban, 2009). The use of the terms are often governed
by the training of the author, for example, adaptation is often used
in physiology to describe a change, possibly short-term, in the
response of sensory systems following stimulation, habituation
is a decrease in response after repeated stimulation, sensitiza-
tion an increase in response with repeated stimulation. In many
other ﬁelds adaptation is a general term indicating broad effects
across all biological and social levels (Helson, 1964; Mazess, 1975),
for example, affective adaptation involves psychological processes
that reduce responses to emotional events (Wilson and Gilbert,
2008). Adaptation is a two-way process allowing both an increase
or decrease in response (Helson, 1964). Consistent with its origi-
nal use by Helson “adaptation” is used here to refer to change, but
does not ascribe a physiological mechanism of change.
Adaptation level theory does not appear to have been applied
to tinnitus before, but potentially explains some of the unusual
psychoacoustic characteristics of tinnitus as well as appearing as
a means to quantify the contrast between signal and background
noise thought to be important for tinnitus “sound therapy.”
Sound therapy is aimed at facilitating the process of habit-
uation of both tinnitus-induced reaction and tinnitus per-
ception by decreasing the difference between tinnitus-related
neuronal activity and background neuronal activity. Since all
our senses work on the basis of differences between signals
and background, and not on its absolute value, by decreasing
the difference between the tinnitus signal and the background
neuronal activity it is easier for the central nervous system to
ﬁlter out or block tinnitus-related activity. (Jastreboff, 1999b,
p. 491)
Adaptation level theory is a longstanding psychoacoustic theory
commonly used to explain and quantify the differences in sig-
nal and background described by Jastreboff above. The basis of
ALT is that no stimulus can be understood in isolation (Helson,
1964). The adaptation level is an anchor or reference point for
sensory magnitude and discrimination (Helson, 1964; Coren and
Ward, 1989). The strength of a stimulus is compared to the cen-
tral point of reference (the adaptation level), sensations below
the ALT are less, above greater, the larger the distance between
the adaptation level and stimulus the stronger it is (Broadbent and
Ladefoged, 1960; Lauterbach, 1979). Judgments of tinnitusmagni-
tude are hypothesized to change over time according to situation,
attention, and psychological factors. The adaptation level is the
combined effects of present and past experience and is the level
to which comparisons are made (Helson, 1964; Della Bitta and
Monroe, 1974).
Helson (1964) postulated that the adaptation level was a
weighted product of three components (external and internal):
(1) Focal stimuli, (2) background or contextual stimuli, and (3)
residuals. The focal stimuli are those being attended to, the back-
ground stimuli are the context, and the residual stimuli are the sum
of factors such as past experience (i.e.,memory) physiological state
(arousal), and personality (Helson, 1964; Murch, 1973). We sug-
gest that contributions of residuals, focal, and background stimuli
need to be considered in judgment of tinnitus, along with the
role of attention in emphasizing each elements importance. Hel-
son (1964, p. 58) proposed that his ALT could be mathematically
expressed simply as:
A = XpBqRr
Where A is the adaptation level, X is the geometric mean of
the focal stimuli, B is the background stimuli, and R are residuals
(memory, arousal, and personality). The weighting coefﬁcients p,
q, and r determine the relative contributions to adaptation level.
In its application to tinnitus we propose A represents the adap-
tation level of tinnitus (audibility) in the environment, X is the
focal stimulus (tinnitus) magnitude, B is background sound (e.g.,
sound therapy)magnitude,R are residuals such as personality, and
the weighting factors are related to attention and ASA. In the fol-
lowing discussion we suggest how these three components interact
to create the tinnitus percept.
FOCAL (X ) AND BACKGROUND (B) STIMULI
The processes involved in tinnitus perception are likely to be sim-
ilar to the analysis of complex sounds (Zenner et al., 2006). ASA
is the process in which we try to make sense of our soundscape
and solve the “the cocktail party” problem of extracting impor-
tant sounds from background noise (Cherry, 1953; Winkler et al.,
2009; McLachlan and Wilson, 2010). Tinnitus may be considered
the focal or stimulus of interest, while background noises are com-
petitive stimuli. ASA consists of at least two processes: a primitive
process based on signal segregation, and a schema-based learn-
ing process (Bregman, 1990; Alain and Arnott, 2000). The process
of sound object perception requires memory, attention as well as
processing of the auditory signal; many of these processes have
recently come into focus for the generation and maintenance of
tinnitus (Zenner et al., 2006; Haab et al., 2009; De Ridder et al.,
2011).
Grifﬁths and Warren (2004) proposed four general principles
of object analysis that can also be applied to analysis of tinnitus:
1. Analysis of information from the sensory world.
2. Separation of auditory object (tinnitus) from sensory world.
3. Extraction and generalization of sensory information within
the same dimension (audition).
4. Generalization between senses.
Tinnitus is unusual in that its internal representation conﬂicts with
our sensory expectations and ability to generalize to experience.
Tinnitus is perceived as a distinct auditory object (Principle 1)
patients report speciﬁc tinnitus sounds and seek to identify their
source (Feldmann, 1992). Tinnitus is recognized as comprising a
combination of frequency, intensity, and temporal patterns that
enable the individual to differentiate between tinnitus’ auditory
signature against other sounds (Principle 2) so successful is the
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auditory system at this task probably aided by attention (see dis-
cussion on weighting factors) and Gestalt-like grouping [similar
to ﬁgure-ground in visual perception (Qiu and Von Der Heydt,
2005)] thatmaskingmaynot be achievable (Feldmann,1971). Tin-
nitus appears to “pop out” from environmental sound; this effect
is also seen for sounds that are incongruent with the soundscape
(Leech et al., 2009; Fishman and Steinschneider, 2010). Past expe-
rience may shape object formation. Audibility of tinnitus probably
requires encoding and analysis of repeating patterns or “predictive
regularity” (Winkler et al., 2009). Mismatch between activity and
expectations (memory) of auditory object representation (such as
multi-sensory interaction to conﬁrm source of sounds, e.g., vision
and touch)may underpin Feldman’s (1992) description of tinnitus
as having a different reality to normal auditory objects.
The mechanisms underpinning interaction of sound with tin-
nitus (Principle 3) are not well understood. True sounds can cover
(mask) each other by reducing probability of detection, interfere
with different identifying features (example pitch), or disruption
of meaning (Kidd et al., 2002). There are two general mecha-
nisms of auditory masking. One mechanism,“energetic”masking,
occurs when one sound interferes with the process of encoding
another sound at the level of the inner ear and auditory nerve,
such as when the basilar membrane traveling wave of the masker
obscures or “swamps” that of the signal (Kidd et al., 2002; Scott
et al., 2004). The other mechanism of sound masking occurs when
a sound of interest cannot be extracted from another on the basis
of its content or cognitive load; this is a central process of mask-
ing and has been termed “informational” masking (Oh and Lutﬁ,
1999; Kidd et al., 2002; Durlach et al., 2003; Scott et al., 2004;
Watson, 2005; Gutschalk et al., 2008; Leech et al., 2009). Tinnitus
masking is believed to be the result of central processing (Pen-
ner, 1987) as: (1) it does not always occur in a frequency speciﬁc
manner, (2) masking sound presented to the ear opposite the per-
ceived location of tinnitus can successfully mask tinnitus, and (3)
tones may mask tinnitus described as a broadband sound (Feld-
mann,1971).However, the precisemechanismof tinnitusmasking
remains uncertain. The central auditory masking effect known as
informational masking may, along with other mechanisms such
as suppression (Jastreboff, 1999b), contribute to reducing tinnitus
detectability in sound. In informational masking the signal may be
represented, but detection is affected because of competition for
limited processing capacity between signal and masker (Watson,
2005). For example, competing speech makes hearing conversa-
tion difﬁcult because of the information it contains, as well as any
masking from overlapping spectral characteristics. Informational
masking is likely to be inﬂuenced by attention and could be con-
sidered a weighting factor for tinnitus audibility in our ALT model
of tinnitus.
The generalization of tinnitus (Principle 4) may lead to a
conﬂict between tinnitus and our expectations for an auditory
object; this conﬂict is possibly crucial to explain the annoyance
and attention paid to tinnitus (Feldmann, 1992; De Ridder et al.,
2011). Unlike true sounds tinnitus does not have a source that
can be seen, touched or correlated to other sensory input (Feld-
mann, 1992). This conﬂict with the environment and memory of
true sound characteristics may trigger adaptive tuning (Grossberg
et al., 2004), attention, and inhibitory mechanisms that would
normally sub-serve a role in improving sound source identi-
ﬁcation, consequently further driving attention to the tinnitus
perception.
The level of sound in the environment affects tinnitus percep-
tion (Heller and Bergman, 1953) this observation is important for
understanding the role of ALT in the psychoacoustics of tinnitus.
Most psychoacoustic evaluations are undertaken in the very quiet
environment of sound treated audiological booths, quite unlike
the normal soundscape of the individual with tinnitus. Tinnitus
sufferers will report, and magnitude estimations support, tinni-
tus as a loud intrusive sound, however, psychoacoustical tinnitus
loudness matches are low, rarely greater than 20 dB above thresh-
old (Penner, 1986). Attempts to explain the difference between the
sufferers rating of tinnitusmagnitude and loudnessmatch to exter-
nal sounds have centered on loudness recruitment (Penner, 1986).
Loudness recruitment occurs in the presence of hearing loss and is
an elevation in threshold without an increase in loudness discom-
fort levels; this results in a reduced dynamic range and more rapid
growth of loudness (Penner, 1986). Studies attempting to accom-
modate for recruitment in tinnitus loudness match have provided
mixed results (Penner, 1986). Henry and Meikle (1996) undertook
monaural and binaural measures of loudness growth at both ref-
erence and tinnitus frequencies. Variability in loudness match that
was attributed to loudness growth was only 25%. Consequently
much of the paradoxical loudness of tinnitus remains unexplained
(Henry and Meikle, 1996). ALT potentially explains some of the
paradox, as it has in pain perception research. Pain is often used
as a model for tinnitus (Moller, 2000). Patients with chronic pain
have higher thresholds for unpleasantness, and experimental pain
stimuli (e.g., electrical stimulation) are less intense and unpleasant
than in pain free volunteers (Rollman, 1979; Boureau et al., 1991).
According to ALT persons experiencing chronic pain have higher
internal anchor points for pain, which lowers the subjective sever-
ity of induced experimental pain (Rollman, 1979; Boureau et al.,
1991).
If these ﬁndings are applied to tinnitus some of the variability
between psychoacoustic loudness matches and magnitude estima-
tions may be explained. The experimental condition and simple
addition of a comparison sound can bias the adaptation level. In
magnitude estimations tinnitus is usually compared to the quiet
environment of the consultation room or research laboratory.
Loudness matches using an external matching sound are not com-
pared to the absence of sound, but instead to a new adaptation
level which incorporates the test stimulus with the existing ref-
erence point of tinnitus. The relationship between the stimulus
(matching sound) and prevailing level (tinnitus) determines its
perceived magnitude and quality. The mere presence of a com-
parison stimulus alters the adaptation level, creating a new anchor
point so that tinnitus is matched to an external matching sound at
a level that is lower than anticipated.
RESIDUALS (R )
The residual component of Helson’s theory consists of psycholog-
ical and individual factors that can inﬂuence perception. Memo-
ries of sound, past experience, arousal level, and personality will
have a strong or negligible effect on tinnitus depending on the
individual residuals inﬂuencing factors such as an individual’s
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signal detection criterion (Welch andDawes, 2008).Memories and
past experience may prime tinnitus and sound therapy effects. The
detection andmaintenance of tinnitus in the sensory and cognitive
domains will interact with individual differences in health, coping,
acceptance, motivation, and personality to determine magnitude
of response (Helson, 1964; Revelle, 1995). If tinnitus is seen as
being behaviorally important (Jastreboff and Hazell, 2004) or per-
ceived out of context, conﬂicting with reality (Feldmann, 1992) it
will take on greater importance relative to other sounds. A loss of
control over the environment, such as the uncontrollable experi-
ence of sounds that have no auditory source in the environment
(tinnitus), may lead to learned helplessness including a reduction
in coping behaviors (Overmier, 2002). Welch and Dawes (2008)
found that, in a population sample of 32 year olds, those who
experienced tinnitus were less close to others, less constrained,
and more negatively emotional. It was concluded that personal-
ity traits biased tinnitus reporting and inﬂuenced tinnitus signal
detection (Welch and Dawes, 2008).
WEIGHTING FACTORS (p, q, AND r )
Increasing evidence points toward the role of attention in tinnitus
perception (Cuny et al., 2004). In ALT, attention has an important
role in determining focus and possibly weighting of different com-
ponents to the adaptation level. Alertness and orientation effects
are likely to affect the perception of loudness (Stallen, 2008). The
sound levels in different environments (busy ofﬁce, quiet bed-
room, and party) can increase or decrease audibility of tinnitus in
a manner predicted by ALT. If there is a reduction in background
sound levels or a change in focus there will be a greater weight-
ing to tinnitus. In an interesting addition to the classic Heller
and Bergman (1953) experiment of listening for sound in quiet,
Knobel and Sanchez (2008) manipulated attention while keeping
background sound constant. When simply listening for sounds
68.2% of individuals heard tinnitus, when involved in a visual
attention task this dropped to 45.5%, and only 19.7% experienced
hearing sounds in silencewhen completing a stacking task (“Tower
of Hanoi”; Knobel and Sanchez, 2008). Interpreting the results in
an ALT framework the focus (X, tinnitus) and background (B,
silence) were constant, as were residuals (R) for the given individ-
ual, but the weighting factors (p, q, and r ; attention and arousal)
varied. Greater cognitive load reduced tinnitus perception. In situ-
ations where attention and higher executive function are directed
to non-tinnitus activities (e.g., work) processing of tinnitus may
take a lower priority to that required when in a low-demand sit-
uation (e.g., relaxing at home at the end of a hard days work).
Cognitive resources are needed to maintain distinction between
target and distractor (Lavie, 2005); attention load on non-auditory
activities is less likely to see emergence of tinnitus perceptions
(Knobel and Sanchez, 2008). Detection and attention are strongly
intertwined and the unusual percept of tinnitus may become a
magnet to attention and draw resources from useful cognitive pro-
cessing to detrimental processing of tinnitus; explaining reduced
cognitive performance amongst sufferers (Andersson et al., 2000;
Cuny et al., 2004). It is a common clinical observation that tin-
nitus patients will say the tinnitus is not a problem when they
are busy. Involvement in non-tinnitus focused activities such as
work, hobbies and exercise, may change how and if people react
to the tinnitus percept. Tinnitus counseling, psychological-based
treatments, and simple attention training (Henry and Wilson,
2002) may reduce the weighting on residual factors, contributing
positively to reductions in tinnitus magnitude.
MECHANISMS OF “ADAPTATION”
Like ASA and streaming (Grifﬁths and Warren, 2004; Snyder and
Alain, 2007), tinnitus is probably the result of complex inter-
actions at multiple levels of the auditory system. Tinnitus and
sound organization may begin as early as the cochlear nucleus
(Kaltenbach, 2006; Pressnitzer et al., 2008; Brozoski et al., 2012)
with the auditory cortex (Micheyl et al., 2007; Roberts et al., 2010)
and information processing centers (Giraud et al., 1999; Grifﬁths
and Warren, 2002, 2004) playing important roles. Detection of
auditory targets (such as tinnitus) can be considered to consist
of three central processes and associated brain topography: per-
ceptual discrimination, interaction between frontal and temporal
regions; stimulus-response association, temporo-parietal regions;
post-perceptual processing, right temporo-parietal region (Shahin
et al., 2006). Following detection tinnitus may become a problem
due to multiple overlapping networks one of which is a distress
network (consisting of the anterior cingulate cortex, amygdale,
and anterior insular) with memory mechanisms playing a role in
awareness of tinnitus and reinforcement of distress (De Ridder
et al., 2011).
Adaptation level theory is a psychophysical theory and does not
attempt to ascribe aphysiologicalmechanism to change in tinnitus,
but it can accommodate many existing models. There are many
potential mechanisms which could account for a changed audi-
bility of tinnitus over different timescales including habituation
(Jastreboff, 1999a), reversal of cortical reorganization (Okamoto
et al., 2010), and gain related processes (Norena, 2011). The per-
ception of tinnitus in therapeutic sound is, perhaps, analogous
to hearing sounds of interest in background noise. The ability to
hear target sounds in noise, such as tinnitus, may involve habitu-
ation to the noise and also, possibly, bottom-up driven attention,
refractoriness, and stimulus-speciﬁc adaptation (Lagemann et al.,
2010) and top-down process such as selective attention (Jacobson
et al., 1996; Alain and Arnott, 2000). Stimulus-speciﬁc adaptation
effects appear to occur throughout the auditory pathways (Robin-
son and McAlpine, 2009) from early auditory processing (Marks
andArieh, 2006) to the auditory cortex (Micheyl et al., 2007; Rabi-
nowitz et al., 2011). Neurons in the auditory system require some
form of adaptation system to cope with the dynamic range of
sounds and changes in the environment over time (Dean et al.,
2005, 2008). Dean et al. (2005) demonstrated that individual neu-
rons in the inferior colliculus of guinea pigs adjusted to stimulus
statistics (such as the mean) of the most commonly occurring
sounds, possibly through spike frequency adaptation (a decline
in the frequency of ﬁring over time with constant stimulation).
Robinson and McAlpine (2009) believe that shifts in response
range are determined by stimulus statistics and contextual impor-
tance (such as prior experience); which is consistent with Helson’s
(1964) ALT. Change in tinnitus could be due to such alterations
in the underlying distribution of neural activity or decrease in
criteria set for detection (Welch and Dawes, 2008). According to
Welch and Dawes (2008) theory the placement of signal detection
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criterion reﬂects the individual’s predisposition to detect a given
level of activity. Two people with the same injury related neural
activity may or may not experience tinnitus on the basis of this sig-
nal detection criterion. The criterion may differ as a consequence
of the person’s personality but may be adaptable if the individual is
able to understand that this criterion is under an internal locus of
control (Welch and Dawes, 2008). It is possible that tinnitus sound
therapy may exert its effects not only through changing the rela-
tive distributions of tinnitus and non-tinnitus auditory activity
but also through an increase in detection criterion.
APPLICATION OF ALT TO TINNITUS SOUND THERAPY
The presence of sound has been known to reduce tinnitus audibil-
ity for centuries (Stephens, 2000) with wearable tinnitus maskers
being ﬁrst introduced in the 1970s (Vernon and Schleuning, 1978),
however, there is a great deal of debate as to the usefulness of
sound as a treatment (McKenna and Irwin, 2008; Hobson et al.,
2010) its modes of effect and appropriate level and type of sound
(Tyler, 2006). The ﬁrst sound therapy approaches attempted to
relieve tinnitus by totally, or more often partially, masking the tin-
nitus. Acceptable tinnitus masking was believed to occur when the
sound used to mask tinnitus was more tolerable than the tinni-
tus itself (Vernon et al., 1990; Vernon and Meikle, 2000). Recent
therapies which use sound are based on habituation (Jastreboff
and Hazell, 1993) or desensitization (Davis, 2006) principles and
have demonstrated longer-term modiﬁcations of tinnitus reaction
and perception (Henry et al., 2006; Davis et al., 2007; Bauer and
Brozoski, 2011).
Alongside differing theoretical basis one of the most obvious
differences in the use of sound in these therapies is the level used.
Vernon et al. (1990) believed that for masking to be effective, two
conditions had to be met: (1) the sound must either cover or
partially cover the perception of tinnitus, (2) the masking sound
must be more acceptable to the sufferer than their tinnitus sound
(Vernon et al., 1990). Most clinicians believe that total masking, so
that tinnitus is inaudible, is not achievablewithout conﬂictingwith
comfort, consequently lower levels of therapeutic sound have been
advocated (Tyler, 2006). Jastreboff (1999b) proposed an effective-
ness function for sound levels to be used in the habituation-based
Tinnitus Retraining Therapy (TRT). The function was proposed
to be governed by ﬁve factors:
(1) Stochastic resonance (enhancement of the signal by
adding low-level noise); (2) dependence of the signal’s
strength on its contrast with the background; (3) total sup-
pression of the signal preventing and retraining and conse-
quently habituation; (4) partial suppression (“partial mask-
ing”) which does not prevent retraining but does make it
more difﬁcult, as the training is performed on a different
stimulus than the original; (5) activation of limbic and auto-
nomic nervous systems by too loud or unpleasant sounds
yielding increase of tinnitus and contracting habituation.
(Jastreboff, 1999b, p. 492)
The most effective level (mixing point) governed by these ﬁve fac-
tors was proposed to occur at approximately 30 dB SL (Jastreboff,
1999b). Although the use of sound at the tinnitus mixing point,
as described by Jastreboff (1999b), has found wide acceptance
clinically, there is limited evidence at this point that it is superior
(or not) to other sound levels. A greater (although not statisti-
cally signiﬁcant) change in minimum masking level (MMLs) and
higher percentage of patients with improvement (40% or greater
improvement in two ormore questionnaires) has been shownwith
directive counseling combined with sound at or just below mixing
level (83.3%) compared to counseling with just audible sound
(66.7%; McKinney et al., 1999). Trials of masking versus TRT
(Henry et al., 2006) and theneuromonics treatment (Tavora-Vieira
et al., 2011) suggest that some people achieve greater reductions in
severity with higher of levels of sound initially, with longer-term
beneﬁts with a lower level of sound. The relationship between
the mixing point and MML have been examined in short-term
laboratory-based evaluations (Searchﬁeld et al., 2002;Huang et al.,
2006). Huang et al. (2006) determined that the mixing point
occurred at approximately 90% of MML. Searchﬁeld et al. (2002)
were able to identify a reliable mixing point in 63% (17 of 27) of
participants at an average level of 18 dB SL (range 1–43.5 dB SL,
10–97.5% of the dynamic range between threshold and MML).
Some of these mixing points were within the range of sounds that
could theoretically result in stochastic resonance effects. The aver-
age mixing point was approximately 70% of the MML. The lowest
combined tinnitus and stimulus annoyance a simple embodiment
of Jastreboff (principle 5) occurred at 34% of the range from
threshold to MML. The research ﬁndings of Searchﬁeld et al.
(2002) suggest ideal therapeutic levels lower than Huang et al.
(2006) and the theoretical function of Jastreboff (1999b). The
experimental differences may be explained, at least in part, by
the presentation methods to obtain mixing point (randomized;
Searchﬁeld et al., 2002 versus descending sequence from MML;
Huang et al., 2006). The results may also not be directly compara-
ble to Jastreboff ’s effectiveness function, because of the short-term
nature of the experiments (Searchﬁeld et al., 2002) versus hypoth-
esized long-term beneﬁt (Jastreboff, 1999b). In any case, given the
limited and conﬂicting evidence for the beneﬁt of one intensity
of therapeutic sound over another, it would appear reasonable
to suggest that further studies are required to deﬁne the optimal
relationship between tinnitus and sound level (Tyler, 2006). ALT
may assist in quantifying appropriate therapeutic sound levels for
a given individual from a psychoacoustic point of view.
The fact that adaptation level is a weighted mean of external
and internal stimuli implies that the inﬂuence of one class of
stimuli may be counteracted by sufﬁcient emphasis on other
classes of stimuli. (Helson, 1964, p. 61)
The uncertainty surrounding ideal therapeutic sound parameters
are not solely limited to intensity. According to ALT the level
of sound is not the only consideration for tinnitus magnitude
reduction; attention, arousal, personality, and other factors such
as memory are critical components to the detection and audibil-
ity of tinnitus. Orientation is an important consideration in ALT
(Lauterbach, 1979). The strength of orientation (extent to which
change is attended to) depends on the distance between the stim-
ulus perceived and its adaptation level. Theoretically this would
imply that less orientation to tinnitus would occur when thera-
peutic sound is close to the adaptation level (Figure 1). This ideal
level may be similar to Jastreboff ’s mixing point. Both neutral
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(Jastreboff, 1999b) and sound evoking emotions (such as music;
Davis, 2006) have been advocated as ideal treatment sounds. A
change in stimulus characteristics may result in orientation to the
tinnitus signal, consequently constant signals might be advanta-
geous, while, on the other hand, emotive (residual) factors such as
stress may be reduced through pleasant music, that by its nature
ﬂuctuates. The adaptation level may also be inﬂuenced by atten-
tion to the signal (Figure 1B), hence protocols advocating simple
attention training exercises to move focus away from tinnitus to
other sounds or activities (Henry and Wilson, 2001; Tyler et al.,
2007; Seydel et al., 2010) may result in greater adaptation, and
less orientation, to the tinnitus. Tinnitus sound therapy is multi-
factorial and much about its optimization and modes of effect
remain to be discovered. ALT offers a means to explore the contri-
bution of emotional and attention capturing aspects of sound on
tinnitus, in addition to its physical characteristics.
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FIGURE 1 | (A)Theoretical relationship between orienting response (OR) to
tinnitus in a background sound B as a function of different tinnitus
adaptation levels (ALTIN1, ALTIN2, and ALTIN3; B<AL; based on
Lauterbach, 1979, Figure 2). The curves represent signal distribution. The
OR is greater to the more audible tinnitus (OR ALTIN2). An increase in
background sound level (horizontal arrow) should reduce orientation to the
tinnitus (illustrated for one adaptation level, OR ALTIN2 reducing to ALTIN2,
the direction of change is shown by the vertical arrow). (B) OR before (top
curve) and after (bottom curve) attention training. Less focus on tinnitus
should reduce the strength of OR to tinnitus (shown for ALTIN2).
SUMMARY
In our interpretation of ALT applied to tinnitus: the intensity of the
signal representing tinnitus may be constant but its contribution
to tinnitus audibility and perceived magnitude will be determined
by attention, background noise, and residual factors (individual’s
personality, depression, anxiety) all inﬂuenced by environmental
factors such as arousal, adaptation level will be raised by stress, and
reduced by counseling (Figure 2). Tinnitus audibility will depend
both on adaptation level and contrast effects (Figure 2D). Based
on our preliminary evidence and the theory of ALT we specu-
late that the most effective level for tinnitus sound therapy will
be close to the adaptation level for tinnitus, similar to the mixing
point proposed by Jastreboff (1999b); this level will vary greatly
depending on individual factors and the ability (or training) of the
individual to shift focus away from tinnitus to other activities, and
the interaction between therapeutic sound and individual arousal.
On the one-handALT could be considered a simplistic interpre-
tation of tinnitus perception, on the other hand this is its advan-
tage, testing the theory allows the possibility of a mathematical
B
d
ALTIN2
B
d
ALTIN3
B
d
ALTIN1Audibility
B
d
ALTIN3
MML
Audibility
Audibility
Audibility
A
B
C
D
FIGURE 2 |Theoretical relationship illustrating adaptation effects on
tinnitus audibility (based on Lauterbach, 1979, Figure 1). “ALTIN” is the
adaptation level (center of reference) at a point in time, B represents the
level of background sound in the environment (B<AL), d is the difference
between the adaptation level for tinnitus and background sound (contrast).
The larger the d value (AL−B) the better the perceived audibility of tinnitus.
(A) Normal level of tinnitus (ALTIN1) for an individual. (B) Adaptation level
(ALTIN2) raised due to emotional events, stress, anxiety (ALT’s residual
factor). (C) Adaptation level (ALTIN3) reduced due to management of
residual factors through counseling or psychological therapy. (D) Same
adaptation level (ALTIN3) with raised background sound level (representing
sound therapy and counseling); tinnitus audibility d is reduced due the
combined effect of a lower adaptation level and reduced contrast. The
minimum masking level (MML) is illustrated as an upper theoretical limit to
which sound may inﬂuence the adaptation level of tinnitus.
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solution to tinnitus audibility. Whether tinnitus perception can
be mathematically quantiﬁed, in the manner that weight (Helson,
1948) and temperature (Masuyama, 1994) have been, is debat-
able. Tinnitus is very heterogeneous and inﬂuenced by a great
many factors, but that does not mean that the principles of ALT
and the research methods it informs need be dismissed, merely
that its implementation will require a great deal of well controlled
research. ALT implies that sound therapy and counseling (or psy-
chological management) will contribute to tinnitus audibility in
the short-term, and this might be maintained by adaptive mech-
anisms leading to long-term reduced focus on tinnitus such as
habituation. It is our intention to systematically study tinnitus
perception using the ALT framework.
CONCLUSION
It has been the posit of this paper that tinnitus audibility can
be explained (and mathematically expressed) as the weighted
product (governed by attention and ASA) of the tinnitus signal,
context (background sound), and psychological/cognitive factors
(memory and personality). ALT, put simply, is a psychoacoustic,
mathematical, expression of the relationship between tinnitus and
the environment expressed by other authors (Jastreboff, 1999b;
Tyler, 2006) but ALT enables a more analytical approach to deter-
mining the best combination of factors for a reduction in tinnitus
audibility. The model has not attempted to explain the impact of
tinnitus, although ALT can be applied to model affective reaction
(Wilson and Gilbert, 2008). There is ample evidence for context
effects in sensory perception and ALT is one example of how tin-
nitus perception might be studied. The theoretical relationship
between tinnitus, background sound, and residual factors is con-
sistent with evidence from population data (Welch and Dawes,
2008), observational studies (Knobel and Sanchez, 2008), and lab-
oratory studies (Searchﬁeld et al., 2002). ALT predicts that both
sound therapy and attention training should result in a reduction
in the perceived magnitude of tinnitus. However, the exact role of
ALThas tobe tested.Anymodel of tinnitus needs to beopen for cri-
tique and modiﬁcation as evidence becomes available. Violations
from the model may be as, or more, interesting than the original
theory. The neural networks involved in tinnitus, ASA, and sound
therapy are complex; computationnetworkmodels (Husain,2007)
are likely to make important contributions to modeling the effects
of sound therapy and its further development. ALTmay be a useful
starting point to model tinnitus audibility networks.
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